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_gg«gOGPKC CAILIS AND CELL SU SPENSION CF INBRED CCHM 

Field of the Invention 
The invention relates to embryogenic callus of. corn inbrid 573 - 
a major oor^ercial inbred com variety. The invention also relates to 
coll suspensions derived fro, enbrvogenic callus of com inbred B73. ^ 
cell suspensions may be characterized as uniform mixtures of eabryogenic 
5 and other cells. Unexpectedly, the cell suspensions according to the 
invention give rise to e^ryos of com inbred B73 under certain culture 
conditions described hereinbelc*. invention furthermore relates to 

viable .^-producing plants of com inbred B73 regenerated from tne 
e^ryccenic callus or embrycconic cell suspensions -according to the xnven- 
10 tion. 'Lastly, the invention concerns mutant and/or recombinant progeny or 
ebriogenic callus or enbryogenic cell suspension and com plants regener- 
ated" therefron. Specific exiles of the Cryogenic callus of com 
inbred B73, fron which embryonic cell suspension may be derived, have 

■ * • * »-o^v — -rv-e n.,i-,~ e Collection under 2TCC acces- 
been deposited in the taerici. ~/pe 

15 s ion number 40116 on April 19S4. 

Relevant Art 

• 2e = mays L. or com is a major worldwide cereal crop. Ln the 
cont^entaTunited States alcr*, an estimated 82 million acres of com is 
planted yearlv. A survey of the 0. S. com germ plasm base conducted m 
1979 accounting for 1.3 billicn pounds of seed com, determined that corn 
20 inbred B73 was used in the production of approximately 178. 5 million 

, c v^Hrf se-d This amount reflects approximately 14% of tne 
pounds of corn hybrid seea. & 

to*al com seed retired for the 1980 planting of 82 million acres of com 
- in the United States. B73 was used to produce more hybrid coa, seed thar. 
any other com inbred line in the 1979 sur.ey. As the major inbreo corn 
25 line used in hvbrid com seed production, B73 is a ccmercially ^portant 
com inbred. Successful efforts to improve B73 are likely to have a ma.or 
impact on the commercial com seed business. 

Current methods for proving inbred com lines are tire en- 
suming, labor intensive, and v:s<y. ^us, t ,._u..oc- 
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.these croblerns would represent an advance in the cereal breeding arts. 
One me'thod for inducing changes in an inbred corn seed line is accom- 
plished bv exoosina inbred seed corn to a mutagen, which may be ionizing 
-adlation or a rrutagenic chemical, growing the seed out, and screening the 
com plants for a desired characteristic such as decreased height or path- 

■ cgen resistance. Seed frou plants displaying the desired characteristics 
are then replanted, rescreened and the seed frcm plants passing the screen 
are retained. After several years and many grow-out s of the seed, a 
sufficient seed stock of the inbred displaying the desired characteristic 

0 is accumulated for corrcnercial breeding. 

Several problems attend the method of obtaining a modified inbred 
com seed line as described above. Inbred com lines are highly homczy- 
cous, or pure-bred. Such inbred lines frequently display low vigor, and 
Is a'resuit frequently produce few seed. If seed production is too low, 
5 successful large-scale production of seed derived fro, a single plant of a 
modified inbred line rray not be possible at all. Even if the modified 
inbred is vigorous and produces adequate numbers of fertile seed, several^ 
years and many acres of lard are required to produce e$ugh seeds to make 
cormercial breeding possible. 

l0 other accroaches to the crooagawion ^ v.** — —.- — — 

have also been suggested and rely upon plant tissue culture techniques. 
In som- of these approaches, cell cultures are subjected to mutagenic 
ionizing radiation. The desirable characteristic is selected or screened 
in 0=11 culture. Cells having the desirable characteristic are propagated 

25 in culture and ultimately regenerated to for, seed-bearing plants (see 
e.g., Bottino ?. J., "The Potential of Genetic .Manipulation of Plant Cell 
Cultures for Plant Breeding," Radiation Botany, 15:1-16 (1975). 

The feasibility of using selection techniques on callus cultures 
of certain ncn-cormercial com inbrecs and the regeneration of plants pro- 
30 ducing seed that carry the characterstic selected in tissue culture has 
^ derated by Hibbert et al. (see, "Selection and ^rasterization 
of a Feedback - Insensitive Tissue Culture of Maize," Planta, 148.183 18/ 
(1 980).) 
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Prior to the develop*** of the e^ryoce-.ic call-as line of com 
Uteri B73'o£ the instant initio.. » «*rjw.nic callus culture 

or e^enic ,11 suspension of . cc^ercially sigm.ic*,. 

inbred 'coo Une has been desert. With respect to e.bryccemc cal us 
5 lines of nonco^ercial com intreds, C.S. Green has described a friable 
callus of com inbred A188 capable of regenerating plants by sanatic 
agenesis (see, Green. C.E.. -SMtic E^enesis and Plant gener- 
ation ^ th. Firable Caius of Zea^vs in Prcc. 5th M l. Cong 

, r .„. , vi „ =v.ii«-a ed., Japanese fssociation of ?l=n^ 
Plant Tissues and Cells, Huo ruji^.a e=., 

,0 Tissue Culture, pub. Tokyo, Japan, '932). Exogenic, friable A183 
callus according to Green can be derived from spontaneous sectors of 
orcanogenic ca!lus. Orga.ncoer.ic callus according to Green car. be 

L^ture rygotic ***** frc the seed of sibling pollinated 
A133 ar~ removed from the seeo an- piac-j 

, 5 se- ^rashige and ~~™<«i* '-426 (1962,, 

vilh 0.5 2,«-0. 1 * L-asparagir*, and 0.7, bactoagar. th. -a -a 

a a - 28*C with 15 hours light per day. (See 

Tvcotic enbrvos are incuBa-.ee: a. v. -1- 

_ , 1 o . a1 1979 - A Histological Examination of Tissue Culture 
Springer, fc.D. et al., 19/9, a n.s.o ^ 

_ ... T -~,— Brieves of Haize", Protociasma , 101, 269 231.) 

e . -xr-n^-c er^rvo proliferates rapicly and forrs 

20 TN2 scutellum of tne primary .yco.ic e?-ryo pe^j. 

ire :>«-- cc- • < .v„i, , ,~, of -hP scut»ilum becomes 

ran.-? r' u 'Te. The eoitheliur^ or <sie sv.~< ^ 

an organogenic callus c~-re. . ^ ^ ^ ^ ^,^r? 

tvchW rrveristeriatic. Awicai 

^ich is characterized by ,n ™ ca^ial zone. Because no roo fr.- 
n^rdia are as**iated vi* *» prinorita, the caUus is consice.ee 

25 organogenic. 

Green's embryonic callus arises spontaneously as sectors grow- 
«na f rem the established orconegenic callus or can be induced ^ pr^nar. 
cultures with proline. Proline, however, dees no, appear to 
- e^enic callus in B73. Green's e*r^enic callus appears ^.e 

* --kip has li--le organization on visual inspection and 
30 tiated, highly friable, has li.ae org 

. . . o^.-Jna at least every two weeks, xne 

is fast growing, requiring sub-cult ur.ng at lee 

, j hv Gre^n develocs to the coleoptilar 

entejogenic callus culture Ascribed by Gre.n 

stace cn MS or N6 median with 2% sucrose and 0.5 to 1.0 mg/1 2,4-0. 
^development to the nuture stage is Possible if th.e emb^s 

35 are transferred to N6 median with 61 sucrose and no 2.4-0. The mature 
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, - m ^L». on MS or ^"median containing 2% 
ran ^ be induced to gesni-a- 
enfcrvos can t~n 

^sewi^out hordes. ^ ^ 

t-he esbrvogenic xine 

suspension cultures are Pi*- 8 " susoe „ sion and *>» « 

so^sa, a callus ««- ^^ferred * * « ^ " 

anus surface. U * K ZT^2 ~e*s - -i» « 

ni Q 9 plants rr^y K 

• b73 is known (see 

• ~n lire of com inbred bm ^ 

Potrytes et =1. SasaaSi^^^. , prta ary culture of 

U» in =^ tUre * ;f he 373 ir*red. ft. cells are cnarac- 

* tissues of the 3/J ^ „ a 4 -Enable on 

15 protoplasts from plan* tis g2Slly ^i^a-naoi 

15 pro^uf suspension -v-'Jituir- 

tecized as growing well enzy macicall. .-^ 

ag ar «diun. EUtth-r^. ^ «U- ^ proliferat ,n, cells 

in turn r*1«*«- — „...., induced to 

protoplasts, f { tlis iine have n=.=- 

ag ain. ^ ^ abnormities . £ - 

istic well fcswn m eu»- protoplasts of tne 

Cell Une" Plant Science "^^^ B73 callcs- nave bee, snarly 

acnieve Plant regeneration ~» ^ o£ ^ Plant! t 

r i (See Bart*° wiak ' ' , . a Vo i 23:93-101 

25 unsuccessful. (See *> gs ^ 1 olon 1 c B .. *1. 

Regeneration Fran «~- «- 

(1982)). . . 

■ of inbred plants in Vi^ro 

ae ability to ^J^J^ of Microbial genetics to 
enables ,ne plant brewer to a^y - ^ in Lhe .enet.cal 
, 0 etecificbr^^^^^.^'.^^are: selection or 
aporoaches that nave application » interrelaticnsnips . 

^tions in cell cultures, stocyir* ^ ^ c£ exocencs 

irsfer of S enetic intcoaticn into ^^^^ cr ^ccous -see 
n eterolc q us(s«Srokaetal.,U . - 
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17Z.1 Eurcrean Patent plication ^. 90032A) DNA. Furthermore, somatic 
cell culture enables the plant breeder to develop, select and propagate 
somaclcnal variants having novel or useful agronomic characteristics. 

The major obstacle to the application of these techniques to com- 
mercial com inbred 373 and sat* other commercial inbreds has, until now, 
been the inability to provide a tissue culture or cell suspension that can 
regenerate whole plants. The ombrvogenic com callus line and corn cell 
line derived therefrom provided by the instant invention makes it possible 
to apply somatic cell genetic techniques to a major commercial com line 
for the first time. Tne particular uses to which a cereal, and particu- 
lar lv a com cell line such as the one described herein, can be put are 
outlined in numerous articles (see e.g., Eottino, P. J. "Potential of 
Genetic Manipulation in Plant Cell Culture," Radiation Botany, Vol 15: 

1-16 (1 975) 'and Vasil, I.E. , "Plane Cell Culture and Somatic Cell Genetics 
of Cereals and Grasses," Plant Irreve rent and Somatic Cell Genetics, 
.Vasil, Ed.., Academic Press, N.Y., 1st Ed., (1933) and "Tissue Culture in 

the Production of Novel Diseace-Sesistant Crop Plants," Biol. Rev., 

54:329-345 (1979)). 

These uses include selection at the cellular level of mutations 
for resistance to toxic substances, such as herbicides and substances 
produced by plant pathogens. Since the selections are carried out at the 
cellular level, it is likely that whole plants regenerated from the cells 
will shew the selected characteristic. It is significant that such a 
svst« would allow plant breeders to select (or screen) for the desired 
characteristic frcm .among thousands of cells in a single culture dish or 
flask, whereas a larce field plot would be required to select or screen a 
corresponding nanber of seed grewn plants according to traditional plant 
_ breeding methods. 

It has, for exanple, been demonstrated that corn plants derived 
from Black Mexican Sweet com, a non-cenrercial cultivar, can be regen- 
erated frcm tissue cultures that have been selected for resistance to 
Ivsine and threonine and that tissues cf the regenerated plant likewise 
produce com plar.t tissue that is resistant to lysine and threonine 
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• tal .^^onandCharacterizati^of a Feedback - 
Hibbert, K.A et al., Se.ect ^ 146=183-187 (1980). 

msensitive Tissue Culture of Maize, _ 

«,-ri«3 out in callus cultures has 
• i «f e,K* selections carried out 
^ utility of sue- sei culture of corn 

« a— «- * «- ^ ai— — * . 

* espesi* com call* tothe * . £ic2ntly ", progeny of certam 
resistant callus v*s ^ ^ toxin ard plant pa^en. 

resistant plants *R *1» «sis ^ a-»»tr*Iy - ta *« 

ttus callus culture of a com ce _ et al., 

aevelop^nt of patten resistant "» Mants pirated 

-inheritance of Seized Pathot^n Fes. tan« ))# 
^ cell Cultures Proc^Jt^^Sc^. 

15 obtained by Swa-cn ^ 

f a n isozvme pattern for alcohol 
<> <« * renr^sentaticn of an iso<.yre 
Figure 2 is a repr.se __^_ e < s ^ farther described 

rained bv starch gel ele— ~« 

dehydrogenase obtained -y 

in Example 7. 

• o fan isozyme pattern for glutamate 

20 .dehydrogenase obtained by search, g 
in Exarnple 7. 

. 4 ■ ta a representation of an isozyme patten, for £^u- 
n9Ur L ^ s-aTcn eel eiectrophoresis as further desert x» 
cosidase obtained by s.arcn . 

Example 7. 

c.^rv of the invention 

■ "r~TTIssue cultures of com inbred 

^ present invention wic callus 

liM B73. These tiss- cultures a ^ f _ ^ 

cultures of com i^red B73 « „ used here in, .he tern 

^ W enic callus culture o ^ com ^ ^ ^ ^ 

;~ r^Uus* is defined as a 
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w ► m recene-atico median organizes 
-.^renane 3 median but on regene.auxw 
organization cn ma.r.ter^ce germinate to form 

into discrete globular structure, a por^on 

plants. 

- ,h. ten, -variation" is defined as phenotypic 
Ps used here, th ^ ^ ^ nce of the «»t 

i chafes that ace: stable, i.e.. phenotyp* U trans- 

it induced the change; ^^^^ ta W *at per- 

sist only so long as t.e ce~i- 

«nt are referred to as physiolcoical responses. 

W ie variation" is used herein to desert 
0 oene.ic nrQ3env of plants regenerated from 

«io, that is sexually trotted to progeny o — social 

cultured cells or ussoes. ...e t- transr . ltte3 neiotically 

referring to plants, 
,3 used herein the term ^J-^" terB 
means plants derived fro, cell and tissue iUzation , badc- 

-e-s Lnts obtained by self-fertilization, sibling 

"' „,-r c^ss'-ng of the regenerated plants, 

crossing cr out-cross-:** 

. „. _ .-one" refers to callus or cell suspen- 
ds used herein ^^J^ ^ cr calluS lim . 
siens propagated fro, an established ce- 

' ^ i <= r,,l-ure of com' inbred B73 characieris- 
^ iscdi ^ tric cells- ^ ^ in 

ti cally is a collect ^ ^ such . « 

^ ^r^a^s of cells on suj-^ n 0 

Ciu-nps as,-,--- suoolemer.tei with 0.« to i.u =v - 

S -dia or N6 tha. has b«n ^ callus u 

^ 2 , ,^/vol) sucrose. Or. Minte ™ „ ll5 ^ sin5 le 

friable, i.e., easily broken »» eoidetmaI laye r is 

..U.. under the lioht »«~*.. ~ ^ .^en.c call, is 

visibU in the er^enic callus callus is rapid, as 

30 yellow-bro-T. in color. c ™f e^enic callus gro-s ahout 3 

sured in fresh accu.ulat.cn ^ ^ ; ; ^ lt ^se. As 

ti*es faster than the organccon.c callus cul.-e 
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a consequence of its growth rate, the eriryccenic callus needs to be 
transferred to new median every 1-2 weeks. 

The enbryoge.nic callus is further characterized by the absence of 
differentiated plant structure such as snail shoots or their prunordia, 
roots or their primordia, aid meristens. A characteristic of cell suspen- 
sions derived fro* the callus is the production of a nucilagenous poly- 
saccharide in media containing sucrose and 2,4-D. This polysaccharide has 
been identified as a glactcse-mannose polymer. 

The most notable characteristic of the encrycgenic callus is its 
I formation of embryo-li3ce structures. Tne embryo-like structures- are con- 
pact and globular. 3y transferring the globular structures to a hormone- 
free median such as MS or N6 Indian, some of these globular structures can 
be induced to form plants. The plants can be transferred to soil and 
fertile B73 corn plants are obtained. The progeny of these regenerated 
5 plants are substantially identical in form to seed-grown 373 plants. 
Thus, the invention encompasses corn plants regenerated from an embryc- 
genic callus of com inbred B73 and the progeny of the regenerated com 
plants. 

,r. c.,^wv. 0 ^ erbrvocenic cell suspension col- 

0 tures of embryogenic callus culture of com inbred B73. Unexpectedly, 
these cell cultures retain the ability to regenerate viable 373 corn 
plants. 673 cell suspensions capable of regenerating whole plants are 
initiated from friable B73 callus maintained on MS median. The friable 
callus is transferred into a median suitable for maintaining suspension 
S culture, e.g. MS median' with 2 mg/1 2,4-0, and ^ is placed on a cyrotary 
shaker at 130 rpm at 28 'C. Cell suspensions are induced to form globular 
embryos by plating on solidified MS -or N6 medium containing no hormones 
and 2-5% sucrose. Globular embryos' are transferred to solidified MS or N6 
median containing no hormones, 2% sucrose and optionally charcoal added to 
JO adsorb residual hormones, if any, and plantlets form on this medium. Thus 
the invention encompasses com plants regenerated from an enbyrogenic cell 
suspension of com inbred B73 and the progeny of the regenerated com 
plants. 
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.^n will be Ni"-e~ understood fran the following exa^- 
The invention win x ^w-c^ ^ 

Ka pvpri^ ar; onlv and ncn- 
pies which are intended by the inventor t> be exe* P — . oru. 

limiting. 

EXAMPLE 1 
Initiation of Orcancoenic Culture 
Plants fran raize inbred line S73 were 9™" » maturity in a 
5 gree^use supplanted with metal halide lichts .15 tours/day, and main- 
tained at 30-C during the day and 21«C at night. These plants were self- 
or sibUno-poUinated. i™ture zygotic '-0-2,0 milliters („., 

in len=th"< 12-14 days post pollination) were aseptically re^ed ^sur- 
face s^rilized kernels and placed flat side down on the initiation medi Q 
,0 which contained M salts and » vit-is.. .50 asparagine, 0.«^r. 
0 5 rap 2.4-0 «* 12. sucrose. All culture «U« had been a= 3 us.ed .0 a 
pH 0/5.8 prior to autoclave. Cultures were inched in th. dar* a, 
29-C fcr 2-3 weeks, when a corpac*. white tissue proliferated rrcn tne 
coi^rhizal end of the scutellvr=. The zygotic eiryonic 'shoot ^ 
,5 no/part of the proliferating tissues. The white c^pact tissue - 

, - ^^ ^r-nrK-a- 1 ^" ce 1 1 s with neristematic regions was 
coroosed or snail par^nc-v^a .a. ce~s _ ^ 

c^ed by an eoider^l layer. Nu^rous root „r!«™. occasions snoots 

rch orai'ns -were seen in this tissue. <*ite corpact tissue was • 
re^ed frc. tne e^ryos. transferred to a ,aintenence medi=. «^ 
20 the s^ne as the initiation «d lU = bet included 0.5-1.0 „/l 2- = *~ 
sucrose, and cultured under elites (1500 lu» at JS'C. Cultures were 
transferred to fresh radium every 10-20 days. 

Ih. corpact tissue produced cn the. initiation medium became 

h n ntenance median. Not*- 

extremely heterogeneous when transrerred to L.e ire_ntenan ^ 

, anr * omna^: areen tissues became 

25 erous sheets, roots, as well as feicble and can-a- 9- _ _ 

„ _ , tissues wo^e carefullv renewed ano aiscarceci 

" visible. Leafy and rooty tissues we.e <- 

fran the canpact organogenic tissue at each transfer. 



After ore year of continuous selection against non-reger.erating 
regions a* roots,** resulting organogenic tissue « dar, green, cc*- 

30 pact, convoluted and covered by a well-defined epidermis. tt-sep.a 

■ nrcduc°d shoot xerist^ns. 

layer remained cor.tinuous even m zones -.a. prcc.ceo 

Meristenatic centers were conrcn beneath the epidermal layer. Th.s t. . 
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• ^ *n et— new slow growth rate v^ich could be 
was characterized oy an ex«- on Qf zeatin als3 

increased by the Edition of 9 - n. J 

reduced the entity o£ tissues normally seized ag 



EXAMPLE 2 



tissue after over one year in cA.ua ^ 

^ ^"^Lta V.S» -shea *=ar. cs.nog.nic «!!- 
3 transferred af-e- we-*- 

, otal oC 5 w~ks op. the mediun, the Cryogenic callus 
. ^ ic^cells ha.in; dense cytoplas. «< large 

appeared as snail isodia.^ ^ ^ a 

nuci ei en ****** ^ TOtrix re^ed 

mucilagenous iratrix. we _ nocen ic 'cai lus with sterile tweezers or 
l5 ta the surround ^^^J^. ^ sectors a^ .ucila- 
removed by scraping ^ descrl oed above but ' 

genous matrix -*re P^c - - ^- ^oxi^ately 3 ti-.es 
lacing 3,«. r»*l. ^ ^ ^ me3lOT with 3,5-D. 

faste , *an the «^n« isQiated ^ ^ org ^ enic 

20 Although the embryexgenic c-li inc luding 3,5-D, eneryc- 

^ rAnnot be maintained. 

EXAMPLE 3 

J5 o» arf seventy-seven «^^*" 9 25 ^ o£ « „«■<,«, 

call us tissue fro, com inbred B73 was mocol.^ 

30 potassium nitrate IKNO3), 
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ammonium nitrate (NH4NO3), 
potass i-jn phosphate (K.H2PO4}, 
manganese sulfate- four hydrate (MnS04-4H20) , 
zinc sulfate-seven hydrate (ZnSC>4-7H20) , 
cupric sulfate- five hydrate (CuS0 4 -5 H2O), 
cobalt chloride-six hydrate (CoCl2* 6H 2° 
potassium iodide (KI), 
boric acid (H3BO3), 

sodium nolybdinan oxide-dihydrate ^MoC^* 21 ^) ' 
ferrous sulfate-seven hydrate (FeS04-7H20) , and 
sodium ethylenediaminotetracetic acid (^EOTA). 

In general, as used in the invention, the exact concentration' of the salts 
can be varied within limits without departing from the invention., Jo_ 
standardize the making of the- media, hoover, the concentrations of the 



15 


above listed minimal salts 


arc as follows: 




MgS04-7ri2O 


370 milligrams/liter (mg/1) 




CaCl 2 -2H20 


440 mq/1 




KNO3 


1900 mg/1 




NK4NO3 


1650 mg/1 


20 


KH2PO4 


170 mg/1 




MnS0 4 '4H2O 


22.3 mg/1 




ZnS04-7H2O 


8.6 mg/1 




.CCSO4.5H2O 


0.025 mg/1 




CoCl2*6n2° 


0.025 mg/1 


25 


KI 


C.83 mg/1 




H3BO3 


6.2 mg/1 




Na 2 Mo04-2H20 


0.25 mg/1 




F2SO4 -TH 2O 


28.75 mg/1 




Na 2 EUTA 


37.25 mg/1 



30 



35 



The medium further contains the following vitamins, hormones and 
carbohydrate sources: 

Thiamine-BCl °- 2 ^ 1 

Pyrodoxin-HCl 0.r> nn/\ 

Nicotinic acid 1.3 mg/1 

Calcium pantothenate °- 25 ^ 1 

L-astaragine "2.0 mg/1 

2,4-i 2.0 mg/1 

2% weight/volume 



sucrose 



6.0 
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tte ^able ^enic call and -rfiun .« in a 100 nd 

• at 27 *C on a gyratory shaker at 130 rpm 

oe^ flas* an, are x^-. ^ ^ a fcr ? iays . ^ 

Tes 2 * a 3 to 5 Cture to — 

one ml al^ot ft-. 74^ ^ horaones or 

, routh f t « sucrose. «» Plate, are stained u,der 

0.01 mg/1 2,4-D and rrcro - v. . week— Plants 

^ .. , ,„ rvamole 4 for approximately one wess— 

,0. the conditions descr^ « ^ J£ ^ „ to « or 

My b. generated frcn * M describe3 in 

- N6 media containing no hormones and 
Example -6 below. 

EXAMPLE 4 

^Hon of Enfr"™ ^ Plantlets _ 

" — ■ ~ • _ ,-^i,T««e of acoroximateiy 

. .-a-., old SUS rension culture having a volu..e or ap? 

A 15 day oia sus^ . ^, ls soa n cown 

« ,000 ^ N6 c— „ sucrose. 

"» " 5 '^ ndM MS diseased onto solid *6 Mdlu o=n- 

a» * of ». « u *«**^ ^ 0 ; 6% ^ ^ (K.C. Biol^icals, 
tain in 9 6* sucrose, « ^ - - ^ mder 

20 ^x, Kansas), tte plates -ere co days., numerous 

^Htes at ,000 to 3000 to ^J^/ f ^ rontaini , „ 
globular structures grew cn the to ^ e " Ir transferred to 

. ^ ^^^J^lLl. *« . aa^ 

hor^e-free MS «*» ^ » "Tl^^.rs ,<=.) 1«* ^ 

2S four plantlets approximately , to . 

shoots and trots were cowr-ed. 



EXAMPLE 5 



30 



^ B " ^ "its cells, 

months) was centn.uged a- 1000 «*» ho^or.e-free U.S. «ai» to 

cells were then sighed ^ «^, mediOT . cn. ml 
a concentration of 100 *q suspended csllsAu hor*one-..ee 
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. ^ Z-n no horr^ne N6 medio, with 2% suc- 
ofoediun 1100=9 cells) was plated 
rose, 0. It charcoal, = 5.8. 

\ . ,qV in the dark. After one 
^ Pi es -r. incia^ a, 28 C ^ „ £resh 

c t>iirh we 1 ^ then aanbLCLL 

oioouiar structures to«- 3 „ee*s. of 

^structures hrf aevelope* into pUntl-- 

6 

N 6 ^i- -I* « sucrose and » hor~r.es » P ^ 
10 transferred to pl»« - .» «^ ^ 2% sucrose . 

^ accrox^tely one _ ^ to purity. 

5013 in the greenhouse. Ml of t-..se P 

: ~ . r*llus Culture 

rw^rison o£ Etnbrvogenic 3;3 Callus w 

, «. . ~< ^ com mored B7J .is-* 

Between 0.5 and 5 ~ — ion baf f e r containing 

15 below were placed in «n equal «e • , 7 4 , and was homogenized 

a w/v ascrbic acid at p 1 '- 41 ' * ^ a r- c h 
1c Ti w/v sucrose, w / v _ nrooared for s-ar^n 

16.7% w/v hnmoceniser. The hcmcgenate was pr.?a 

using a Porter tissue hcmcgeru- _ ^ for esterase 

eel electrophoresis an3 t* 2) dehydrogenase 

i^re 1>. **** I Scribed » et al. 

Coleoptile - t*er. froa sheets »^ ^ ^ in distilled 

25 Sheets - taJcen from nature B,3 seeds 

, nature 373 «W one day after soaking in dis- 
ScuteUgi - taken frcm mature sm e. 



tilled water. 

. - -' <e n 19 days ^* e * P°ll"* tlon " 

Zygotic Essryg 
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j cuVan 19 af'-e** pollination and then 

Trrrnature Zygotic Sxno Rested - taken 12 days ar-e. ^ 

t-ansferred to the medium of Example 3 for 7 days. 
P^rv ccenic"- 2,4-? - friable enbcycgenic callus tissues of B73 that were 

^intained on the r^ium of Example 3 without 2,4-D for 19 days. 

5 E.brvoaenic + 2,4-0 - friable Cryogenic tissues of B73 that were mam- 

tained on the median of Example 3. 
Orcanccenic - otogenic tissue of B73 that w maintained on the ndlu» 

of Exarole 3. 

Fiaures 1-4 aa> representations of starch gels run for the indi- 
10 cated enzymes. The gels patterns shew the following results: 

Esterase - Figure 1 - Embryonic cultures gave the same isozyme 
patterns as rescued zygotic embroyos and organogenic cultures gave the . 
same isozyme pattern as mature leaves. 

Alcohol dehydrogenase - Figure 2 - organogenic cultures and 
15 cryogenic cultures on medio, without 2,4-D gave the same isozyme pattern 
as zygotic embryos, but enbryogenic cultures on the same medium containing 
2,4-D did not. 



-> w— r ^il *-nroc OH 



Glutamate dehydrogenase - Figure -> - o.—.»~j<: 

»liu. wither. 2.4-0 9™ — » "***"• 

20 genie cultures on rair.tenar.ee nediirr, with 2,4-D did not. 

A -Glucosidase - figure 4 - Cryogenic and organogenic culture 
gave the «L pattern as colecptiles tat , different pattern than rygotxc 

enbr\os. 

Cese results support the characterization that regeneration 
25 £rc™ isogenic cultures proceeds by a type of static ^cryogenesis 

presence of issues usually associated with coleoptUes suggest .ha. 
to e tiding of twnic develofnental events „y be different than tha. 

of of zyectic enfcrves. 
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EXAMPLE 8 

Characterization of ^^^^T^ 

of Ertorvocenic B73 Tissues . 

TerTmTof a 7-day^ld eibrycgenic cell suspension of corn inbred 

- ^ into a fesh 50 ml aliquot of the medium of Exanrple 3. 
B73 was transr erred into a r»ea w m b 

^ «ltu«. were grow, in th. light at 27'C in a shaXer at 130 n». 
* Jr 7 days, cells a* debris «. r^ed fron the -»» by cen^i »ga- 
5 or fiction. The raining clear culture *edi*n « then diluted 

w , "olu.es of etharcl (95, v/v) at r^ te^rature with stirring^ A 
J^t fibrous precipitate for-. - collect* on a glass rod -shed in 
' Zlu e eth «1 dried in a vacu^ dessicator even, ^e 

" was hvdrolyzed in , hydrochloric acid for 6 hours at 0 C 

itate was . ^ lv -ed b v 13c natural abundance nuclear 

10 and the component sugars were aal/zed by 

magnetic resonance (1*-**) - a Varian ^-200 ^ speccrcete. . 

Tne ^saccharide was identified as a »ly*er casing galac- 
tose ^ ™ In about a 4:1 glactose:^nose ratio, She ^ has a 
dos^tion different fron nai. root slL^, *i* contain, a gl uoose- c^ 
15 colder abundant in fuco» ** ^acturonic acid, «S corn hull-*., - 

• „„ .rsbinose and calatose in a 7:5:1 ratio (see SmiJi, F. e- 
contains xylose, araoinose ana . 0al , 4 , 

c m ri«; and yucilaces and Sane P.eiacea 
- al # f The Chemistry of ?la n - G ^ s 31X3 ■ 

u • - _ s.^ii£h<no Coro., Nev York). 

P oiysacoiai'iCcj / — * 

EXAMPLE 9 
Carton Source Utilization 
Eu^- suspension .cdtures of com inbred 373 were washed 
20 i„ crtvtotrft- medi« and onto «- of » »■ 

« iolidifi* *h 0.A -shed a 5 ar ^ gained 1% -A of the 

had been so ^ lista3 ia Table I below, deny grow---, 

filter-sterilized test corrouncs 

was assessed visually after 2 ,eeHs and 9 wee:<s crow,h - the da.. 



27 'C. 



25 



Be toxicitv of oalactose in the presence of sucrose was tested 
on suspension cultures of com inbred ""L^Tw/v 

galactose (0.1 to 6, w/v, into th. «di» of ***** 3 oon^n.nc - 
sucrose. Grcw,h was by faOed eel! vol^e lt C7>_ after 7 day, 

incubation on a shaXer at " - C in the lichc. 
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TABLE I 

Growth of ^enic C.U, of Corn Inbred 373 on Various Carton Sources 

B73 Cell Growth 

.... resource ,n r,r^t^ Control 

sucrose 
EHglucose 
soluble stardi 
D-(+) -galactose 

-lactose 
D-sorbitol 
L-prol ine 
0 (control) 
L-(+)-arabincse 
jrivo-inositol 
-D-(+)-fucose 

L-glycine 
* L-arginine 

L-(-) -xylose 

0-(+)-mannose 

DL -malic acid 

D-mannitol 

L-(-) -sorbose 
-L-rha^nose 

L -glutamic acid 



0 
+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 
0 
0 
0 



+ = visibly detectable grt>th. 

Host of the carton sources did »t supcort growth of the cells 
^ the .est growth - gained with sucrose and glucose ^ 

*k ~f cell line after an initial lag period. i..e 
ennoor'-ed qcod growth cf Jie ceii Q1 - 

Xlnt *J li-U* grow* on sorbitol out no growth on proUne and 
Uctose. The e^enic com cell line of B73 snc~d growth 

response to galactose. 
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The ^brycgenic callus of com inbred 373 which crew cn starch- 
staining plates appeared to la* t» calactc,ar.„*n secretin present in 
c^.^dii^ >i r c.i<K*TS<on cultures of the sa.-ne 

the plates containing sucrose or glucose. Suspension 

tissue growing on starch produced no detectable counts of galactanannan. 

EXAMPLE 10 

Plants obtained In Scrapie 6 were grown in the greenhouse and 
w~ either self-pollinated, backcrossed to the parent B73 line, or 
sibling-pollinated with sister regenerated plants (desisted R,S, rcr 
self-pollinated, R,BC, for backcrossed and R.Sib, for sibling P°^ rf >- 
The com proxies were pcofecri fro. fix. regenerated plants. Tvo^r- J» 
generated plants were self-pollinated using the rain sten ear and a _ 
tiller tassel. Because of asynchronous mergence of tassels am siUs ana 
£r=uent occurence of tasseWars, the gaining regenerated com plants 
couM often not be self-poll inated, but instead -were used as female 
pa'rents in crosses to seed-grown 373. 

The seeds produced we're crown out in the field between December, 
,'583 and March 1384. Plants v«re evaluated in early rebruary, which was 
ap™tely two wee:<s post-pcllinaticn for the com. A total of ten 
rows of regenerant progeny wore planted out ear-to-row. In *ooiti,n, .* 
se^-grown plants used as «U Parents in crosses with the regenerants 
were also self -pollinated' and used as check rows. Traits examined 
included: plant height, ear height, dieter, leaf n^ r.rd a^ 
evidence of single gene static, affect^ 'plant appearance. «i e «« 
rows showed evidence of salt .tress, no differences could be seen between 
the R,S„ R,BC„ and R,Sib, progeny and the seed-grown check rows. 

Frcn, the foreooing it will be apparent to those skilled in the 
art that e*brvogenic tissues arc cell suspensions of com irireo will 

" enable plant oreeders, practitioners of methods .of plant tissue and ce.l 
culture, and plant Secular biologists to carry out major improve 
this valuable and widely used com inbred. The riqqnte cultures^ 

) 'com inbred 373 provided by the instant invention make it possible, .or 
ex^le, to subject these cultures to in vitro mutagenesis to intuce vari 
ation in com plants regenerated therefrom. Methods for f... 
phvsical mutanenesis as well as cell culture techniques for the recovery 
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, ^ts are well known to those skilled in the -art (see for 
of desire mutants ^ ^ ta _ 

tiers in ncix^ _ "Examination of WF 3 

£i5EL£E S:s i ; « W — distance,- ir^^s. 

5 mtants SubUnes for ^ ^ ^ 

efficient PUt^ Systs, fcr*P * so ^ ^ JA _ ^ 

S ^ W T -f^rSS ^ Celis in vitro - M assess- 

10 I t _n a2 fiffi J ^ ^ ^ ceU S usp*nsioos..and corn 

* ^ -» ^ oc variant P^ny of the 

plants regenerated uie--^^ 
regenerated corn plants. 

' ae *i, uy to csc-erate Pl»» ee ^"'-^ 

of com inbred B73 presided by ae 

^ " des —^ tr.it. or gainst undesirable tr.it.. (See 

jltro te -t a!., both «ntienrf herein^., Thus. 

Hibbert .t a. ^ ; ^ u oatur^ of com i*r«, 

using the embryece.-uc .issue o. col ^ ^ o£ . 

^ .u- i-iventicn. iw ^ ~ 

20 Bo oz fc« — - - herbicides and pat.no- 

ccm inbred B73 to. selves *gen_ . s ^ ective ace , ts and 

i.,--<ssu«»s and cells resistant tne se— ^ 
toxin,, to »^";- , B suA selec tive *,ents. considered 

. to regenerate ?^ invention are <s^enic tiss.es „d 

WlS,ta f e mlnbl^ selected in vitro, the.com Plants and seed • 
25 cells of 00m nbr*d_ B 3 ~ ~ ny of ^ grated cor, 

thereof regenerated —e.— 

plants. 

~ will also be re^ily apparent to those skilled in the art 
*" \<«u. ari cell suspension culture of com inbred B73 
that e^emc ' - - ^ ce , ^ ^ ^ 

30 provides the opportunity * ^ rycoenic tis5 ue culture and cell 

iri red B73 by reaenerat^ plant^ , f » ^ i^ien. 
suspension cultures of ^^JZn Z^o *». *m- ^ - - 
Such stabie sa^clonal Varia tion and Ev^ency of 

» ^"^rrjuf-'-^ V^^ a. n„c 

35 Spontaneous Mu.atxcn asscv-s 
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Relation in Maize." M3vdic, 26, pp. 39-35 (1931 ); 3eckert et al., 
"ttud- de la Variabilite Geneticue Cbtenue Chez le Mais Apres Callogenese 
et Sedation de Plants in vitro. Acronanie 3, pp. 9-18 (1983); and 
larkin et al., "Som*clonal Variation - A Novel Source of Variability from 
Cell Cultures for Plant Ircprovenent," Theor. Aool. Genet. 60, pp. 197214 
(1981). A large body of literature in fact suggests that plants regen- _ 
erated fran culture are characterized by an unexpectedly high rate of 
stable propagatable phenotypic variation. See Rice, "Tissue Culture 
Inbred Genetic Variation in Regenerated M-aize inbred, - 37th Ann. Com & 
*rghun Research Conference (1983). Thus it is now possible to provide 
proaenywith genetic variations arising from scmaclonal variants regener- 
ated fro, com inbred B73. Such characteristics ray be stably aaintaweci 
in the secord generation progeny of the regenerated plants and will 
generallv exhibit either "MendeliM segregation (e.g., 3:1 ratio for single 
gene t^ts) or uniform expression since scraaclonal variation arises in 
diploid cells and may generate homozygous variants. Thus, the invention 
is eons'de-ed to encancass scmaclonal variants of the enbryogemc callus 
and cell suspension of com inbred 373, com plants and the seed thereof 
regenerated therefren and the progeny of the regenerated com plants. 
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W«- a* «- ^ rMf - 

, f>ereo£ generated ftan 
, o- *~ - * - - - «— « - * 

,enic caUos a* « U 
* clones thereof. 

,e callus nutacenUed « U 
, m ta 9 eniMO scenic « Uus 

, ^ serf thereof r*,enerat*a fta. -» 5 en- 
■ 4 . ^. Plan- a^ the ^ o£ mtn irt3red 

^ e^enic call- — ^ 
10 " B7 3 arf the clones thereof. 

. 5 . K=s eny of «=» Pi- ««»^ B73 anJ C1OTS t^f . 
en < c coii suspensions of com .no 
and ertorycgen-C « variant proge.^. 

~«»m/ including irutan^s ana 
said progeny inc. * „ harac -r- 

P ^ inbr-d H73 having the charac^ 
of com lnorea 

S . aifcc^r . „ inbre d B73 deposited in cne 

■ ; ics of an e-^enic callus or com ^ 4QU6 _ 2nd 
15 ^Ty- Culture Collection under ^ *f ^ cloneS of said 

anencan Type ^ said ^enic cal.u 

- 11 SUS?€nS ° a f lus "' or exogenic cell suspensions, 
enbryogenic callus . 

^ ,he se^ thereof regenerated frcn the 
7 . corn Plants and the u* ^ ^ ^ of sald 

Hvr«eric callus and e^rycgenic ce ^ ^ 4> 

20 pyrogen. -.^enic «n 

■ ' ic callus of com inbred B73 ^ 
,. H^^nl- ^ ^ earacteristics of an 
; e ca ilus of com inbred B73 ^ ^ 

^ e ^ rom ^ S73 deputed » *• 

25 culture coix- mbrycgenic callus ai 

s^nsic deriv* - » d ^ su ^ nslons . 

9 enized e-br-^epic cal. 
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9. Com plants and the seed thereof regenerated from the rnuta- 
genized erbryoge.nic callus and mutagenized cell suspensions and clones of 
said nutagenized er.bryoge.nic callus and nutagenized eribr/ogenic cell sus- 
oens ices of CI a La 8. 

5 10. Progeny of aorn plants regenerated frcm embryogenic callus 

having the characteristics of an enbrycyenic callus of com inbred B73 
deposited in the American Type Culture Collection under ATCC Accession 
Nunber 40116 or regenerated frcm cell' suspensions derived frcm said 
embryogenic callus having the characteristics of an erJbryogenic callus of 
10 com inbred B73 deposited in the American Type Culture Collection under 
ATCC Accession Nirnber and clones thereof, said progeny including 

. mutants and variant progeny. 

11. An errbryocenic callus of com inbred 373 as deposited in 
the American Type Culture Collection under ATCC. Accession Nurc-er 40116, 

15 cell suspensions derived from said erbryooenic callus and clones thereof. 

12. Com plants arr3 seed thereof regenerated frcn the ernbryo- 

" genie callus of corn inbred B73 as deposited in the American Type Culture 
Collection under ATCC Accession Nurrbor '10116 cell suspensions 

derived frorr. said embyrogenic callus and clones thereof. 

20 13. Mutagenised err^ryogenic callus of com inbred 373 as 

deposited in the American Type Culture Collection under ATCC Accession 
Nirroer 40116, mutagenized cell suspensions derived iron said en&ryogenic 
callus and clones thereof. 

14. Com plants and the seod thereof regenerated frcm the rruta- 
25 genized callus, mutagen! zed cell suspensions and clones of said mutagen- 

ized mbryogenic callus and mutagenized erbrycge.nic cell suspensions of 
Claim 13. 

15. Progeny of com plants regenerated from the embryogenic 
callus com inbred B73 as deposited in the African Type Culture 

30 Collection under ATCC Accession Number -101 1G, ceil suspensions derived 
from said embryogenic callus and clones thereof, said progeny including 
mutant and variant prccency. 
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FIG. I 
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FIG. 2 

ALCOHOL DEHYDROGENASE 
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FIG. 4 

(3,-GLUCOSIDASE 
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